Background: Cancer cachexia is a clinical manifestation in various advanced cancers that characterized by muscle atrophy and fat loss as its main features; it is frequently associated with systemic inflammatory response. However, the differences in inflammatory response and lipid metabolism of different genders remain unclear. This study explores the difference between cachexic and non-cachexic patients in different genders and cancer types and focus on the plasma inflammation factors levels and lipid metabolism parameters in different genders. Methods: We first analyzed the general characteristics in 311 cancer patients between cachexic and non-cachexic patients, with an emphasis on expression levels related to inflammatory factors and lipid metabolism parameters. We then further analyzed these characteristics in different genders and cancer types. Lastly, the correlations between plasma interleukin-6 (IL-6) and lipid metabolism parameters in cachexia patients of different genders were analyzed. Results: Among 311 patients, there were 74 cancer cachexia patients (50 males and 24 females) and 237non-cachexia patients (150 males and 87 females). Body mass index (BMI), TNM stage, plasma concentration of hemoglobin, platelet, lymphocyte count, total protein, albumin, prealbumin, total cholesterol, apolipoprotein E (ApoE), free fatty acid (FFA) and IL-6 were significantly different between cachexic and non-cachexic patients (all p < 0.05). In addition, these characteristics were different in different cancer types. When compared to male non-cachexic patients, male cachexic patients showed a significant increase in plasma levels of IL-6 and platelet, later TNM stage, with marked decrease in their plasma total protein, albumin, prealbumin, ApoE as well as their lymphocyte counts and hemoglobin levels (all p < 0.05). In comparison with female non-cachexic patients, female cachexic patients' IL-6 levels and FFA were significantly elevated with noticeable decrease in their BMI, total cholesterol, ApoE and prealbumin, as well as later TNM stage (all p < 0.05). Correlation analysis revealed that IL-6 levels in female cachexic patients had a significant positive correlation with FFA expression, but this correlation not reflected in male patients. Conclusion: This study demonstrates the different metabolic characteristics of male and female cancer cachexia patients. Future study about cancer cachexia should pay attention to different genders and cancer types.
Introduction
Cancer cachexia occurs in various advanced stage cancers, and approximately 80% of cancer patients may develop this state. Cancer cachexia is defined as a wasting syndrome characterized by progressive skeletal muscle atrophy and fat loss in cancer patients; it is generally accompanied by systemic inflammatory response, and cannot be fully reversed by conventional nutritional support [1] . Previous studies mainly focused on the muscle atrophy of cancer cachexia, but in recent years, more studies have shown that fat loss also plays an essential role in the occurrence and development of cancer cachexia [2] . The mechanism of fat loss mainly includes increased lipolysis, white-to-brown transdifferentiation of white adipose tissue (WAT browning), and dysfunctional adipocyte synthesis, etc. [3] . Our previous research has shown that patients with cancer cachexia lost fat mass as a result of elevated lipolysis and WAT browning [4] . Previous studies on obesity and metabolic syndromes pointed out the different characteristics of lipid metabolism in opposite genders [5, 6] . However, whether lipid metabolism differ between different sexes in cancer cachexic is unclear.
Inflammatory response is another important feature of cancer cachexia. Although previous studies showed that plasma interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α) and other inflammatory factors were significantly elevated in cancer cachexia patients, there were controversies among studies [7, 8] . In particular, TNF-α expression levels in cancer cachexia patients remained a highly controversial topic. Additionally, studies conducted on animals revealed that IL-6 expressions were different in cancer cachexic mice of different genders and varied cancer types [9] [10] [11] . A deep research of IL-6 expression in opposite genders of cancer cachexic patients is needed.
In this study, we first compared the different clinical characteristics in cancer cachexia patients and noncancer cachexia patients. Subsequently, we the compared different clinical characteristics in patients of opposite genders and different cancer types. Lastly, we analyzed the correlation between lipid metabolism parameters and IL-6 in cancer cachexia patients of different genders.
Methods

Patients and sample collection
Patients diagnosed at General Surgery Department of Zhongshan Hospital, Fudan University from January 2018 to June 2019 were included. The inclusion criteria were as follows: (1) Patients were pathologically diagnosed as gastric cancer or colorectal cancer; (2) Patients received radical operation; (3) Patients with complete clinical data. Exclusion criteria includes: (1) Patients received preoperative radiotherapy, chemotherapy or any other pharmacological treatments; (2) Patients accompanied by severe cardiovascular and cerebrovascular diseases, hepatic or renal dysfunction, hyperthyroidism, diabetes or HIV/AIDS; (3) Patients without complete clinical data. 5 ml of venous blood was collected from each patient preoperatively, and was subjected to centrifuge; the plasma obtained was then stored for follow-up tests.
Patient groups
According to the international consensus of cancer cachexia dated in 2011 [1] , this study divided the 311 patients into non-cachexia and cachexia groups respectively based on weight loss and Body Mass Index (BMI). The non-cachexia group is characterized by no weight loss in the past 6 months, or weight loss <5%, or BMI < 20 with weight loss of <2%; the cachexia group is characterized by weight loss in the past 6 months, with weight loss >5% or BMI < 20 accompanied by weight loss of >2%.
Data collection
From each patient's medical record, height, weight, gender and age were recorded. From their preoperative blood examination results, values of plasma hemoglobin, white blood cell count, platelet, lymphocyte count, total protein, albumin, prealbumin, total cholesterol, triglycerides, apolipoprotein E (ApoE), apolipoprotein B (ApoB), apolipoprotein A (ApoA) and free fatty acid (FFA) were obtained. BMI = Weight (kg) / height 2 (m 2 ). We also recorded the TNM stage of each patient according to UICC/AJCC staging system.
Plasma measurement of inflammatory factors
The plasma concentrations of IL-6 and TNF-α were determined using a commercialized enzyme-linked immunosorbent assay (ELISA) kit (Thermo Fisher) according to the manufacturer's protocols. Analytical sensitivity of IL-6 and TNF-α kit is 0.92 and 2.3 pg/ml, with interassay CV for 5.2 and 7.4% as well as intraassay CV for 3.4 and 6%, respectively.
Statistical analysis
All statistical analyses were performed using GraphPad Prism 5.0, continuous data were expressed as mean ± standard error of the mean ( − x ± sem), within the context of an independent sample t-test. Categorical data were expressed in frequencies and the χ 2 test was adopted. The correlations of serum FFA with IL-6 in different genders of cancer cachexia patients were analyzed using Spearman rank correlation tests. Statistical significance was defined as p < 0.05.
Results
Comparison between cachexia and non-cachexia cancer patients
Among 311 patients, there were 74 cancer cachexia patients (50 males and 24 females) and 237 non-cachexia patients (150 males and 87 females). Without considering gender, in general, plasma concentrations of IL-6, FFA and platelet of patients in the cancer cachexia group were significantly higher than in the non-cachexia group. In contrast, BMI, plasma concentrations of hemoglobin, lymphocyte count, total protein, albumin, prealbumin, total cholesterol and ApoE of patients in the cancer cachexia group were significantly lower than in non-cachexia group. Furthermore, later TNM stage was more common in cancer cachexia patients ( Table 1) .
Comparison in different genders between cachexia and non-cachexia cancer patients
When male cancer cachexia and male non-cachexia patients were compared, IL-6 and platelet were significantly elevated in the cachexia group, whereas total protein, albumin, prealbumin, ApoE, lymphocyte counts and hemoglobin were significantly reduced in the cachexia group. Similarly, when comparisons were made between female cancer cachexia and female non-cachexia patients, IL-6 and FFA were remarkably higher in the cachexia group, while BMI, total cholesterol, ApoE and prealbumin were apparently lower in the cachexia group. In addition, later TNM stage in cachexic patients was observed in both genders (Table 2) . Interestingly, IL-6 levels were significantly elevated in both genders, but FFA was only elevated in female cancer cachexia patients.
Comparison in different cancer types between cachexia and non-cachexia cancer patients
One hundred seventy-one gastric cancer patients and 140 colorectal cancer patients were involved in this study. Upon further dividing the groups via cancer types (gastric cancer and colorectal cancer), we found that IL-6 in gastric cancer cachexia patients was elevated significantly, while their BMI, hemoglobin, lymphocyte count, total protein, albumin, prealbumin, total cholesterol, ApoB and ApoE declined remarkably. In colorectal cancer patients, white blood cell count, platelet, ApoA, FFA, IL-6 and TNF-α increase significantly, while albumin, prealbumin and ApoE decreased significantly. Interestingly, TNM stages in cachexic patients was later than non-cachexic patients in gastric cancer but not in colorectal cancer ( Table 3 ). The above findings indicated that there were metabolic differences between gastric cancer patients and colorectal cancer patients. 
Comparison in cancer cachexia between male and female patients
Direct comparisons were made between male and female cancer cachexia patients, which revealed significant differences in FFA and ApoE in opposite genders (Table 4 ). No apparent difference was detected in other characteristics.
Correlation analyses between plasma IL-6 and lipid metabolism parameters in cachexia patients of different genders
We focused on analyzing the correlation of IL-6 and lipid metabolism parameters, and discovered a positive correlation between plasma IL-6 and FFA in female cancer cachexia patients, but no significant correlation were observed in male patients ( Table 5 ).
Discussion
Cancer cachexia generally accompanied by systemic inflammatory response and fat loss. Previous studies mainly divided cachexia patients by degree of weight loss, but seldom consider the differences between genders. This study, through analyzing 311 gastric cancer and colorectal cancer patients, found that the inflammatory factor, IL-6, was significantly elevated in male and female patients, but TNFα, another common inflammatory factor concerning cachexia, had no apparent change in both male and female patients, indicating that serum IL-6 might play a more important role during the progress of cachexia. In addition, FFA was significantly elevated in female cancer cachexia patients only, which strongly suggests that male and female cancer cachexia patients have metabolic differences.
In this study, we first compared the differences in clinical data between cancer cachexia and non-cachexia patients, regardless of gender; albumin, prealbumin, lymphocyte count and other conventional nutritional markers decreased in cachexia patients. Incidentally, we found that blood platelet levels in cancer cachexia patients were significantly elevated, which might be associated with the "first responder" properties of platelet during chronic inflammation, cancer progression and metastasis [12] . However, the detailed mechanism remains to be determined. Upon further investigating according to genders, we found distinct differences of many markers in male and female cachexia patients compared with non-cachexia patients. These findings suggested that different genders should be separately analyzed in future investigation regarding the cancer cachexia.
Previous studies mainly emphasized on muscle atrophy and its mechanism during cancer cachexia. Our previous study also revealed that inflammatory factors promoted muscle loss in cancer cachexia patients [13] . However, recent studies have revealed that fat loss might play a crucial role in the progress of cancer cachexia [7] . In this study, we incidentally found that plasma concentration of ApoE significantly decreased in cancer cachexia patients, which was the first report as far as we known. ApoE a component of chylomicrons (CM), very low-density lipoproteins (VLDL), as well as the remnants and β-VLDL. The concentration of ApoE showed positive correlation with plasma triglyceride level [14] . ApoE genotype has the most profound genetic risk on late onset Alzheimer's disease and also affects processes in normal brains [15, 16] . In Alzheimer's disease, ApoE interactions with molecules important for lipid efflux and lipid endocytosis underlie effects of ApoE genotype on neuroinflammation and lipoprotein composition [15] . The role of ApoE in cancer cells is unclear and limited studies have addressed it. ApoE has been found to be related to lung cancer and considered to be a useful marker for assessing NSCLC patients with lymph node metastasis [17] . ApoE was also recognized as new pancreatic cancer biomarker but had no association with risk of prostate cancer [18, 19] . The role of ApoE in cancer cells is unclear except that ApoE promoting cancer cell proliferation and migration [20, 21] . In our study, plasma concentration of ApoE was downregulated in cancer cachexia patients compared to non-cancer cachexia patients regardless of genders and cancer types, indicating its important role during the progress of cancer cachexia. However, further study is needed to investigate the role of ApoE in cancer cachexia. FFA is the primary fuel for heart and skeletal muscles and are precursors of hormones and non-hormonal signalling molecules. FFA plays important physiological roles in skeletal muscle, heart, liver and pancreas. However, chronically elevated plasma FFA appear to have pathophysiological consequences [22] . Elevated FFA was linked with the onset of insulin resistance and associated with type-2 diabetes, by inhibiting the tyrosine phosphorylation of IRS-1 (insulin receptor substrate-1) and reducing IRS-1-ssociated PI3K (phosphatidyl-inositol 3kinase) activity which is responsible for transducing downstream insulin signals [23, 24] . In this study, we screened out the influences of diabetes, hyperthyroidism and other related diseases to investigate the association of FFA and cancer cachexia induced lipolysis. When we studied cancer cachexia patients according to gender, we discovered that FFA increased significantly in female patients only, while male patients demonstrated an elevating trend. Studies have reported greater serum FFA concentrations in estrogen-deficient women compared with postmenopausal women receiving estrogen treatment, suggesting that estrogen treatment has beneficial effects in postmenopausal women by preventing the accelerated delivery of FFA into the circulation [25] . Estrogen may attenuate lipolysis occurring in adipose tissue through the up-regulation of α2-adrenergic receptors, resulting in decreased mobilization of FFA from adipose tissue [26] . Estrogen also regulated the FFA release by regulating the hormone sensitive lipase (HSL) and lipoprotein lipase (LPL) [27] . In our study, 5 out of 24 female (20.8%) cachexic patients and 15 out of 87 female (17.2%) non-cachexic patients were less than 50 years old, indicating the estrogen reduction might have a similar effect on the FFA in both groups. Therefore, the elevated concentration of FFA in female cachexic patients might be attribute to the abnormal metabolism of fat tissues and further study should be conducted to analyze the specific mechanisms.
Studies have shown that inflammatory factors (especially IL-6 and TNF-α) play an important role in the occurrence and development of cancer cachexia [8] . In animal cachexia models, both plasma IL-6 and TNF-α were significantly increased [28] . However, the serum results of cancer cachexia patients were controversial [29] , and that inhibiting TNF-α in cancer cachexia patients with weight loss did not halt the process of muscle loss in patients [30] . TNF-α is one inflammatory mediator that has been implicated in carcinogenesis, due to its participation in chronic inflammatory diseases [31] . There is controversy; however, regarding the role of TNF-α in cancer, the pro-or antitumoral TNF-α response with in the tumor microenvironment depends not only on local concentration but also on its expression site in the tumor [32] . Studies have reported the involvement of TNF-α in lipolysis by decreasing LPL activities [33] . TNF-α was also a potent inhibitor of lipogenesis and suppressed the expression of gene responsible for various nuclear transcription factors that were required for differentiation and function of adipocyte [33] . These findings indicate the role of TNF-α in adipose tissue loss and in the development of cancer cachexia [34] . Our study showed that no apparent changes of plasma TNF-α in cancer cachexia patients were observed in both genders. However, TNF-α was increased in colorectal cancer cachexia patient, indicating that TNF-α might play a role in the development of cancer cachexia in colorectal cancer cachexia but not in gastric cancer cachexia.
Conversely, serum IL-6 level was significantly elevated in both male and female cancer cachexia patients, which strongly implied that IL-6 plays an important role in the progress of cancer cachexia. Previous studies implicated IL-6-STAT3 in fat wasting and the acute phase response in cancer cachexia [35] . We found a significant positive correlation between IL-6 and FFA levels in female cancer cachexia patients but no correlation was observed in male cancer cachexia patients. This finding suggests that IL-6 may be a primary factor in promoting lipolysis in female patients with cancer cachexia, resulting in elevated FFA.
Limitations
The main limitation of this study was a relatively limited sample size. Only 24 females cancer cachexia patients were included and when we conducted subgroup analysis might cause the potential bias. We will include more patients to validate the results in further studies. Furthermore, only two cancer types (gastric cancer and colorectal cancer) are investigated in this study and whether other cancer types such as pancreatic cancer showed the similar characteristics is not convinced. We will include more patients with different cancer types in further studies.
Conclusion
In conclusion, by analyzing the differences in male and female cancer cachexia patients, we discovered different metabolic characteristics between each gender. In addition, patients with different cancer types also showed different metabolic characteristics. Plasma IL-6 was significantly elevated in both genders, but FFA was only elevated in females and positively associated with IL-6. Our findings from this research serve as a reminder in the future to study and treat cancer cachexia patients with respect to their gender and cancer types. 
